Objectives This study investigated the association between maternal pregravid body mass index (BMI) and breastfeeding discontinuation at 4-6 months postpartum in Hawaii and Puerto Rico participants from the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC). Methods A secondary data analysis was conducted from a text messagebased intervention in WIC participants in Hawaii and Puerto Rico. The analysis included 87 women from the control group who initiated breastfeeding and whose breastfeeding status was known at the end of the study when infants were 4-6 months old. Pregravid BMI and breastfeeding discontinuation were assessed using questionnaires. Results The association between pregravid BMI and breastfeeding discontinuation was not significant in the unadjusted model or in the adjusted model. Native Hawaiian or Other Pacific Islander (NHOPI) participants showed significantly increased odds of discontinuing breastfeeding (adjusted odds ratio [AOR] 7.12; 95% CI 1.34, 37.97; p = .02) compared to all the other racial/ethnic participants, as did older women ages 32-39 years versus women who were 25-31 years old (AOR 4.21; 95% CI 1.13, 15.72; p = .03). Women who took vitamins while breastfeeding had decreased odds of discontinuing breastfeeding (AOR 0.15; 95% CI 0.05, 0.46; p = .0009). Conclusions for Practice Pregravid BMI was not significantly associated with breastfeeding discontinuation at 4-6 months postpartum in women from Hawaii and Puerto Rico WIC, but NHOPIs and women who were older had higher odds of discontinuing breastfeeding. The results of this study may inform strategies for breastfeeding promotion and childhood obesity prevention but should be further investigated in larger studies. ClinicalTrials.gov Identifier: NCT02903186.
Introduction
Although breastfeeding rates are rising in the US, where the breastfeeding rate at 6 months increased from 51.8% of infants in 2013 to 55.3% in 2014 (Centers for Disease Control and Prevention 2017), the US has not yet met the Office of Disease Prevention and Health Promotion's Healthy People 2020 goal of 60.6% of infants breastfeeding at 6 months (US Department of Health and Human Services, Office of Disease Prevention and Health Promotion 2010). In Puerto Rico, the breastfeeding rate at 6 months is low at 38.1%, which is about 17% lower than the national average (Centers for Disease Control and Prevention 2017). In Hawaii, although the rate of breastfeeding at 6 months was 62.9% in 2014 (Centers for Disease Control and Prevention 2017), it was previously reported that Native Hawaiian participants in Hawaii's Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) had much lower rates of breastfeeding at 6 months postpartum, at 52% among initiators (Dodgson et al. 2007) .
Overweight and obese women may have an increased risk for failure to initiate breastfeeding and decreased duration of breastfeeding, as indicated by a 2010 literature review (Wojcicki 2011) . Previous studies have reported negative associations between pregravid overweight/obesity body mass index (BMI) and breastfeeding duration in Hispanic (Kugyelka et al. 2004) and White (Liu et al. 2010) women. According to the 2010 Hawaii Pregnancy Risk Assessment Monitoring System (PRAMS) Breastfeeding Fact Sheet, obese maternal pregravid BMI is associated with less breastfeeding initiation and breastfeeding for less than 8 weeks in Hawaii's ethnically diverse population (Hawaii State Department of Health 2010) .
One biological factor that likely causes overweight and obese women to stop breastfeeding is a lower prolactin response to suckling (Rasmussen and Kjolhede 2004) . This diminished response may lead to compromised milk production and, subsequently, to premature cessation of breastfeeding (Rasmussen and Kjolhede 2004) . Delayed lactogenesis II, or a delay in the onset of copious milk production after birth, is associated with overweight or obese BMI (Nommsen-Rivers et al. 2010) and exhibited a significant effect on cessation of breastfeeding at 4 weeks postpartum in a study with almost 2500 US women (Brownell et al. 2012) .
Breastfeeding is moderately yet consistently protective against obesity later in life (Li et al. 2005 ). According to the Centers for Disease Control and Prevention (CDC), 9 months of breastfeeding reduces an infant's risk of becoming overweight by more than 30% (Centers for Disease Control and Prevention 2011). Moreover, more protection from overweight and obesity is conferred by increasing the exclusivity and duration of breastfeeding (Spatz 2014) . In contrast, high maternal pregravid BMI has been shown to be a significant risk factor for childhood obesity (Catalano et al. 2009) , and pregravid obesity is associated with increased fat mass in newborn offspring (Sewell et al. 2006) .
Low-income and minority children are particularly at risk for childhood obesity (Pan et al. 2012) . Among infants, Hispanic and Black children have increased odds of rapid infancy weight gain compared with White infants (Taveras et al. 2010) . Minority groups in Hawaii, such as Native Hawaiian or Other Pacific Islander (NHOPI), have higher BMI between 2 and 4 months of age compared to other races (Oshiro et al. 2015) . In one study, low-income NHOPI and Filipino pre-kindergarten children in Hawaii had a high prevalence of obesity, with more than 42% being overweight or obese (Okihiro et al. 2012) . Nationally, in 2014, overweight or obesity occurred in 40% of US 1-year-olds and 30% of 2 to 5-year-olds participating in WIC (Thorn et al. 2015) , a federally funded program for low-income women and children. A systematic review of risk factors for childhood obesity that are present from conception to 2 years old indicated that excessive gestational weight gain, higher pregravid BMI, high infant birth weight, prenatal tobacco exposure, and rapid infancy weight gain were consistently associated with childhood obesity (Woo Baidal et al. 2016) . Lower socioeconomic status was found to be a risk factor, but the review authors suggested that more research is needed in low-income and minority populations to determine underlying mechanisms (Woo Baidal et al. 2016) . Factors contributing to the development of childhood obesity may involve environmental and behavioral aspects such as parental and child feeding practices, such as restriction and pressure (Birch and Davison 2001) .
For obesity prevention, the association between pregravid BMI and breastfeeding duration is worthy of attention. To our knowledge, no studies have investigated the association between pregravid BMI and breastfeeding discontinuation in low-income groups in Hawaii or Puerto Rico. Examination of this association may inform childhood obesity prevention strategies in these groups. Therefore, the objective of this study is to investigate the association between maternal pregravid BMI and breastfeeding discontinuation at 4-6 months postpartum in Hawaii and Puerto Rico WIC participants. We hypothesized that low-income women in Hawaii and Puerto Rico with pregravid BMI ≥ 25 kg/m 2 would have greater odds of discontinuing breastfeeding before 4-6 months postpartum than women with pregravid BMI < 25 kg/m 2 .
Methods

Participants
A secondary data analysis was conducted from participants in a 4-month text message-based intervention aimed at preventing excessive weight gain in at-risk infants from WIC clinics in Hawaii and Puerto Rico [blinded] . Eligible mothers/caregivers were at least 18 years old, owned a mobile phone with unrestricted texting capabilities, were responsible for caring for the infant, and were willing to complete the entire study. Inclusion criteria required the infant to have been born after 37 weeks of gestation, to be on a normal diet and free from disabilities that hinder movement, and to have had birthweight at or between the 10th and 90th percentiles as indicated by the World Health Organization (WHO) growth charts (World Health Organization 2006) . In addition, infants were required to have been no more than 2 months old at baseline to ensure that they were, at most, 6 months old at the end of the intervention, which is the recommended age at which complementary foods should be introduced. Text messages regarding breastfeeding were introduced first, followed by messages about complementary foods that, ideally, would be used at the age of 6 months. A convenience sample of infants (n = 202) and their mother/caregiver were recruited from four WIC clinics in Hawaii and two WIC clinics in Puerto Rico from January to April, 2016. Participants were assigned to control or intervention groups by block randomization. Detailed methods used in the trial have been published elsewhere (Banna et al. 2017) . Study procedures were approved by the institutional review boards at the University of Hawaii and the University of Puerto Rico, and informed consent was obtained prior to data collection.
Measures
Mothers/caregivers (n = 202) completed the baseline assessment which included questionnaires and infant anthropometric measurements. Data collected from the questionnaires included the following: socio-demographic information such as race, mother's age, and infant's gender; pregnancy-and health-related information such as maternal pregravid weight and height, weeks of gestation at delivery, weight gained during pregnancy, and infant vaccinations; food frequency information; and infant feeding practices information such as breastfeeding initiation and duration, reasons for discontinuing breastfeeding, and complementary foods used.
Analyses for the current study included the control group only (n = 100). Pregravid BMI (exposure) was calculated using self-reported weight before pregnancy and height. The National Institutes of Health classifications for BMI (kg/m 2 ) was used to determine weight status: underweight (< 18.5), normal (18.5-24.9), overweight (25-29.9), and obese (≥ 30) ("Losing Weight, Body Mass Index," n.d.). Breastfeeding initiation was defined as breastfeeding at least once and was assessed using the questionnaire item, "Did you breastfeed your baby, even once?" Discontinuation of breastfeeding (main outcome of interest) was assessed with the questionnaire item, "Are you still breastfeeding your baby?" Duration of breastfeeding was self-reported with the questionnaire item, "If you are no longer breastfeeding your baby, how old was your baby when you stopped nursing?" Exclusively pumping milk was considered continued breastfeeding. Figure 1 describes inclusion in the analysis group. Ninety-eight participants from the control group initiated breastfeeding. Eighty-seven mothers/caregivers completed the 4-month follow-up assessment. Of those who initiated breastfeeding, 11 were lost to follow-up and their breastfeeding duration could not be determined. Of those who were lost, seven had normal pregravid BMI, three were overweight, one was obese, nine were from Hawaii, and two were from Puerto Rico.
Variables
Dependent variable
Breastfeeding discontinuation status at 4-6 months postpartum was defined as a binary outcome in women from the control group who initiated breastfeeding (n = 98) and whose breastfeeding status was known at the end of the study (n = 87). Breastfeeding continuation was coded as "yes", and breastfeeding discontinuation was coded as "no".
Independent variable
Due to the similar trend in the distribution in breastfeeding status between pregravid BMI categories, pregravid BMI categories were combined as underweight/normal (UN) or overweight/obese (OWOB) for the analysis.
Possible covariates
Variables tested as possible covariates included site (Hawaii or Puerto Rico), mother's race/ethnicity, mother's age (divided into three strata by years: 18-24, 25-31, and 32-39), mother's education level, parity, use of prenatal vitamins during pregnancy, pregnancy complications, use of vitamins while breastfeeding, weeks of gestation at delivery, gestational weight gain, infant gender, and being up-to-date with infant vaccinations. Based upon the US Office of Management and Budget (OMB) standards (US Census Bureau, n.d.), race/ethnicity categories were divided into the following groups: Hispanic, Native Hawaiian or Other Pacific Islander (NHOPI), American Indian or Alaska Native, Asian, Black or African American, and White. Each racial/ ethnic group was treated as a binary variable. Fig. 1 Final analysis group and participants lost to follow-up for a secondary data analysis of pregravid BMI and breastfeeding discontinuation ) Participants in the study (completed baseline assessment N=202
Control group n=100
Intervention group n=102 Initiated breastfeeding n=98
Did not initiate breastfeeding n=2
Participants with 4-6 month postpartum breastfeeding data n=87
Lost to follow-up n=11
Analysis group n=87
Normal BMI n=7
Overweight BMI n=3
Obese BMI n=1 Underweight BMI n=7
Normal BMI n=42
Overweight BMI n=19
Obese BMI n=19
Statistical analyses
For baseline characteristics, descriptive statistics were presented using frequencies and percentages, or using means and standard deviations. Chi-squares tests, Fisher's exact tests, and two-sample t-tests were conducted to investigate the bivariate associations between baseline characteristics and breastfeeding discontinuation status, depending on variable type. Chi square tests were used to examine the bivariate association between breastfeeding status (discontinuation or continuation) and pregravid BMI (OWOB or UN).
To determine the association between pregravid BMI and breastfeeding discontinuation, a multivariable logistic regression was conducted adjusting for the demographic variables that were statistically significant in the bivariate analyses. The covariates in the final logistic models were NHOPI race, mother's age, and use of vitamins while breastfeeding. Goodness-of-fit for the multivariable logistic regression model was assessed using Hosmer and Lemeshow test, and c-statistics were used to measure the accuracy of the model. For all analyses, a p-value of < .05 was considered statistically significant. Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
Results
Forty participants (46%) from Hawaii and 47 participants (54.0%) from Puerto Rico were included in the final analysis. Characteristics of the final analysis group, presented by pregravid BMI, are shown in Table 1 . Characteristics of the control group and group that was lost to follow-up are shown in Online Resource 1. Comparing participants in the final analysis group (n = 87) with those who did not complete the study (n = 11), we found no statistically significant differences in age, gestational age at birth, gestational weight gain, pregravid BMI, race other than Asian and non-White, level of education, parity, use of prenatal vitamins during Half of the women in the final analysis group were in the 25-31 years old age group, half (49.4%) were White, 14.9% were NHOPI, and more than half (61.6%) were Hispanic. In the final group, almost all women (97.7%) used prenatal vitamins and about half (49.4%) used vitamins while breastfeeding. Sixty percent of NHOPI participants were overweight or obese prior to pregnancy, and 66.7% of Asian women had UN pregravid weight. More than half (52.6%) of OWOB women had pregnancy complications in contrast to about a quarter (26.5%) of UN women having complications.
The mean pregravid BMI for the final analysis group was 26.2 (SD = 7.1). Participants who discontinued breastfeeding (n = 43) or continued breastfeeding (n = 44) had mean pregravid BMI of 27.6 (SD = 8.5) or 24.8 (SD = 5.1), respectively, which was not significantly different (p = .07). Bivariate analysis, results shown in Table 2 , revealed that the associations between breastfeeding status and the following variables were not statistically significant: site (Hawaii vs. Puerto Rico), pregravid BMI, age (as a continuous variable), race/ethnicity (NHOPI vs. other), level of education, parity, use of prenatal vitamins, pregnancy complications, gestational age at birth, gestational weight gain, infant gender, and being up-to-date with infant vaccines ( Table 2 ). Variables that were statistically significant were used in the final adjusted multiple logistic regression model: age by category (p = .046), NHOPI (p = .011), and took vitamins while breastfeeding (p < .0001). As shown in Table 2 , slightly more than half (53.5%) of the women who discontinued breastfeeding had normal or underweight pregravid BMI, and a little more than half (52.6%) of OWOB women discontinued breastfeeding.
As shown in Table 3 , the association between breastfeeding discontinuation and pregravid BMI was not significant in the unadjusted model (crude odds ratio [COR] 0.8; 95% confidence interval [CI] 0.34, 1.86; p = .60) or in the adjusted model (adjusted odds ratio [AOR] 1.34; 95% CI 0.44, 4.02; p = .61). [ Table 3 ] However, as presented in Table 3 , participants of NHOPI race showed significantly increased odds of discontinuing breastfeeding (AOR 7.12; 95% CI 1.34, 37.97; p = .02). Also, older women in age group 32-39 years, versus women who were 25-31 years old, showed increased odds of discontinuing breastfeeding (AOR 4.21; 95% CI 1.13, 15.72; p = .03). Finally, women who took vitamins while breastfeeding had decreased odds of discontinuing breastfeeding (AOR 0.15; 95% CI 0.05, 0.46; p = .0009).
The multivariable logistic regression showed good fit (p = .58), and the c-statistic was 0.84 (95% CI 0.76, 0.92), indicating a good model.
Discussion
Several previous studies reported associations between maternal pregravid BMI and breastfeeding duration at 6 months in minority populations in the US (Kugyelka et al. 2004; Liu et al. 2010; Wojcicki 2011) , but none investigated these associations in low-income groups in Hawaii or Puerto Rico. Therefore, more research is needed in these at-risk populations, and the current study contributes new knowledge in this area.
Contrary to our hypothesis, in comparison to women with pregravid BMI < 25 kg/m 2 , overweight or obese women from Hawaii and Puerto Rico WIC did not show increased odds of discontinuing breastfeeding at 4-6 months postpartum. Larger studies have reported that overweight or obese women are more likely to breastfeed for shorter duration than normal or underweight women (Hawaii State Department of Health 2010; Wojcicki 2011) . In upstate New York, pregravid obesity in Hispanic women, most of whom were Puerto Rican, was significantly associated with shorter duration of breastfeeding during the first 6 months (Kugyelka et al. 2004) . Although pregravid BMI was not investigated, a study in Western Massachusetts of predominately Puerto Rican women reported that second or third generation Hispanic women who were born in the US were less likely to report intent to breastfeed in comparison to first generation women (Barcelona de Mendoza et al. 2016) . Therefore, acculturation may play an important role in the association between pregravid BMI and breastfeeding discontinuation. In the current study involving Puerto Rican women in Puerto Rico, lack of acculturation may partly explain why overweight or obese pregravid BMI was not associated with greater breastfeeding discontinuation. Future studies investigating the role of acculturation in breastfeeding rates across pregravid BMI categories for Puerto Rican and NHOPI women could shed light on these associations.
Physiological mechanisms that support the association between OWOB pregravid BMI and early cessation of breastfeeding include lower prolactin response to suckling (Rasmussen and Kjolhede 2004) and delayed lactogenesis II (Brownell et al. 2012; Nommsen-Rivers et al. 2010) . Therefore, in order to better understand the impact of pregravid BMI on breastfeeding practices of low-income women in Hawaii and Puerto Rico, future studies with larger samples are needed.
Several statistically significant associations occurred in the final analysis group. Although older maternal age has been associated with longer duration of breastfeeding (McKechnie et al. 2009 ), the current study found that older women (32 years and older) had more than four times the odds of discontinuing breastfeeding than women aged 25-31 years. One explanation for this association may be due to physiological factors related to milk production or career responsibilities that may be increased with older age. For example, it was reported that risk factors for early weaning in Hawaii women included problems starting breastfeeding, problems with breasts, full-time employment outside of the home, and insufficient milk (Novotny et al. 2000) . Factors such as these variables that lead to early breastfeeding discontinuation may intensify as maternal age increases. For example, in a breastfeeding study of blue-collar Taiwanese women, breastfeeding discontinuation rate increased as the number of employed years increased (Chen et al. 2006) . Another study of women receiving care through the University of California Davis Medical Center reported that maternal age ≥ 30 years in first-time mothers was an independent risk factor for delayed onset of lactogenesis (NommsenRivers et al. 2010 ).
According to the 2010 PRAMS fact sheet, women in Hawaii who initiated breastfeeding but discontinued before 8 weeks postpartum were more likely to be Hawaiian, Samoan, Filipino, or Black (Hawaii State Department of Health 2010). The current study found that 80% of NHOPI women discontinued breastfeeding before 4-6 months postpartum. In comparison to the other races/ethnicities, NHOPI women had more than seven times the odds of discontinuing breastfeeding (AOR 7.12; 95% CI 1.34, 37.97; p = .022) . However, the number of NHOPI women was very small (n = 15) and the wide confidence interval suggests that a larger sample size may be needed to produce a more precise estimate of effect. Other studies have reported lower rates for breastfeeding discontinuation in NHOPI women in Hawaii (Dodgson et al. 2007) , although, in comparison to other races, the percentages of NHOPI women who discontinued breastfeeding were higher. A small study of postpartum Native Hawaiian women in Hawaii enrolled in WIC during In addition to mother's age and NHOPI race, the use of vitamins while breastfeeding was significantly associated with breastfeeding status at 4-6 months postpartum. Similar factors, such as race/ethnicity and maternal age, have been covariates in other studies (Wojcicki 2011) . But, to our knowledge, the association between vitamin use while breastfeeding and breastfeeding discontinuation has not been widely reported. Women who took vitamins while breastfeeding had 85% decreased odds of discontinuing breastfeeding (AOR 0.15; 95% CI 0.05, 0.46; p = .0009). One possible explanation for this association is that women who are taking vitamins while breastfeeding are getting appropriate postnatal care and are, therefore, receiving more education and support for breastfeeding. These women may also be more inclined to seek out infant care education and to be proactive in implementing preventative measures.
Limitations of the study
Several limitations were present in this study. First, a small sample size may have impeded our ability to detect statistically significant associations. Additional studies are needed to further investigate the associations described in this study. Second, our results are not generalizable to women beyond those who participated in the study due to the inherent bias of convenience sampling. Furthermore, based upon these results, findings cannot be generalized regarding when mothers introduced solid foods to their infants' diets. Third, the current BMI cut-off points may not be accurate in some populations such as Pacific Islanders (Swinburn et al. 1999 ) due to differences in body composition. However, the WHO expert consultation has recommended that the current WHO BMI cut-off points be retained as the international standard (WHO expert consultation 2004). Finally, pregravid BMI was calculated using self-reported weight and height, which could have introduced measurement error.
Implications for future research and clinical practice
Early discontinuation of breastfeeding and introduction of solid foods is associated with excessive weight gain (Taveras et al. 2010) . Promoting and supporting appropriate breastfeeding practices contribute to achieving optimal infant health. The results of this study may inform strategies for childhood obesity prevention and breastfeeding promotion, such as increasing outreach, education, and support efforts that are tailored to women who are older or NHOPI.
Conclusion
Pregravid BMI was not significantly associated with breastfeeding discontinuation at 4-6 months postpartum in women from Hawaii and Puerto Rico WIC. However, women of NHOPI race, in comparison to other races, and women aged 32 years and older, in comparison to women aged 25-31 years, had higher odds of discontinuing breastfeeding at 4-6 months. Compared to women who did not take vitamins while breastfeeding, women who did had lower odds of discontinuing breastfeeding at 4-6 months postpartum.
